Introduction: This study aimed to assess the relationships between infectious etiology, empiric treatment, and outcomes in Taiwanese patients with community acquired pneumonia (CAP). Methodology: A retrospective analysis of the data of 208 adult patients from a single medical center was performed with patients classified as having low or high disease severity based on the Pneumonia Severity Index (PSI). Patients with PSI ≤ 90 (n=120) were classified as low severity and patients with PSI > 90 (n=88) were classified as high severity. Results: The low-risk group had significantly higher rates of infection with Chlamydia pneumoniae (C. pneumoniae) and Mycoplasma pneumoniae (M. pneumoniae), whereas the high-risk group had significantly higher rates of infection with Klebsiella pneumoniae (K. pneumoniae) and Pseudomonas aeruginosa (P. aeruginosa) (p < 0.05). Empiric treatment in both groups was in accordance with the 2007 guidelines issued by the Infectious Diseases Society of America/American Thoracic Society (IDSA/ATS). Twenty-nine of 208 patients (13.9%) died, one in the low-risk group and 28 in the high-risk group. The highest rates of mortality were in patients infected with P. aeruginosa or K. pneumoniae. Conclusions: In the present study, we demonstrated that the patients with different severity had different microbiologic etiology. In general, P. aeruginosa and K. pneumoniae were the most commonly isolated organisms in high-risk patients who died from CAP. We showed that use of the IIDSA/ATS guidelines for treatment of CAP in Taiwan resulted in a better outcome in the low PSI group.
Introduction
Community-acquired pneumonia (CAP) remains a common but potentially life-threatening infectious disease. The mortality rates of severe CAP (6.6%-16.7%) remain high [1] and CAP is the sixth leading cause of death in Taiwan. In 2006, 5396 deaths in Taiwan (23.6 persons per 100,000) were attributed to pneumonia [2] . The causative pathogens of CAP may be associated with geographic area and the presence of underlying diseases [3] . Early appropriate empirical antimicrobial therapy has been shown to be crucial to the outcome of severe CAP [3] . The importance of the microbiological etiology of CAP has been recognized; however, there is little information about the microbiological etiology of CAP on clinical outcome [3, 4] .
The effectiveness of an antibiotic regimen depends on several factors including causative pathogen, susceptibility to antibiotics, and geographical distribution. Acute pneumonia may be caused by a variety of microorganisms. However, for critically ill patients, antibiotic therapy is generally started empirically until the causative pathogens are identified and susceptibility testing is accomplished. One of the most critical and difficult decisions facing the clinician who treats patients with severe CAP is the choice of empiric antibiotic therapy and the Infectious Diseases Society of America (IDSA)/American Thoracic Society (ATS) has proposed guidelines to facilitate this [5] . Although these guidelines are useful in most common etiologies of CAP, whether these guidelines are also suitable for severe CAP caused by other pathogens is still unknown.
Numerous studies have documented the relationship between specific pathogenic bacteria and the severity of CAP. A prospective study of adult patients with CAP on the Mediterranean coast of Spain indicated that Streptococcus pneumoniae (S. pneumoniae) was the most prevalent species, either alone or co-infected with other organisms [6] . Similarly, other studies indicated that S. pneumoniae was the most common pathogen responsible for CAP among hospitalized patients in Thailand and Taiwan [7, 8] . However, Taiwan and South Africa have reported uniquely relatively high incidence of Klebsiella pneumoniae (K. pneumoniae) infection in CAP, and K. pneumonia was responsible for 54% (31/57) of the mortalities of bacteremic pneumonia among severe patients in Taiwan [9] .
Assessment of disease severity is a critical step in the management of CAP. Many studies have attempted to stratify patients by CAP severity and identify patients at highest risk for death. Risk factors for CAPassociated mortality include age greater than 65 years, male sex, and the presence of certain comorbidities [6] . Scoring systems such as the Pneumonia Severity Index (PSI) have been developed to assess disease severity and predict mortality [10, 11] . However, the general consensus showed that such scores should be used with caution and only in connection with clinical judgment.
In this study, we aimed to characterize the etiology of CAP in Taiwanese patients with different severities of disease. We also investigated the relationship of etiological agents, treatment, and severity score of patients who were admitted to our hospital for CAP.
Methodology

Patients and diagnostic criteria
Data were retrospectively collected from patients who were at least 15 years old and admitted for treatment of CAP by the Emergency or Outpatient Departments of the Chung Shan Medical University Hospital (Taichung City, Taiwan), a tertiary-care hospital, between 1 January 2007 and 31 December 2008. A total of 250 consecutively presenting patients were initially enrolled, and 42 patients were excluded due to incomplete microbiology data (n = 11), young age (n = 2), loss of follow up after discharge (n = 8), missing major laboratory data (n = 10), previous hospitalization, referral from another hospital, recent antibiotic use before admission (n = 9), HIV infection (n = 1), or neutropenia (n = 1). This study was approved by the hospital's Institution Review Board (permit number CSH05124).
Demographic characteristics, comorbidities, symptoms and signs of pneumonia, laboratory results, and previous antibiotic treatment were recorded upon admission. The diagnostic criteria for CAP, based on the guidelines of the IDSA/ATS [5] , were as follows: typical infiltration changes on chest X-ray films within one day of symptom onset, as indicated in the radiology report; at least one clinical manifestation, such as cough, yellow and thick sputum, or fever (> 37.8°C); or at least two minor criteria, such as tachypnea, dyspnea, pleural pain, chest pain, confusion or disorientation, lung consolidation, or white cell count (WBC) greater than 12,000 cells/µL. Exclusion criteria were as follows: outpatient status; transfer from another hospital or hospital admission within the previous three weeks; presence of other acute conditions, such as pulmonary edema, pulmonary embolism, or malignancy that appeared during followup; severe immunocompromised status, including severe neutropenia (WBC < 1.0 × 10 9 cells/L); organ or bone marrow transplant; and HIV infection. The severity of pneumonia was assessed with the PSI [12] , Acute Physiology and Chronic Health Evaluation II (APACHE II) [13] , and CURB-65 (Confusion, Urea nitrogen, Respiratory rate, Blood pressure, 65 years of age and older) [14] scores.
Study design and methodology
A preliminary multivariate analysis of our data indicated that a PSI greater than 90 was an independent risk factor for mortality. Thus we stratified patients into two groups: low risk (PSI ≤ 90) and high risk (PSI > 90). Disease outcome was categorized as follows: survival (the patient was discharged after treatment or recovered during hospitalization); the patient did not recover (experienced respiratory failure or septic shock, or required mechanical ventilation for more than 21 days during hospitalization); and all causes of mortality within 30 days during hospitalization.
Microbiologic evaluation was performed as described previously [15] . One set of sputum smears was examined by Gram staining, and two sets of blood cultures or pleural fluid cultures were examined before administration of antibiotics. A positive sputum smear was defined as one that had more than 25 polymorphonuclear cells and fewer than 10 epithelial cells per low-power field. BinaxNow S. pneumoniae kits (Inverness Medical Professional Diagnostics, Princeton, NJ, USA) were used to test for S. pneumoniae antigens in urine, BinaxNow Legionella pneumophila (L. pneumophila) kits (Inverness Medical Professional Diagnostics, Princeton, NJ, USA) were used to test for L. pneumophila antigens in urine and enzyme-linked immunosorbent assays (ELISAs; Inverness Medical Professional Diagnostics)) were used to detect this organism in serum. M. pneumoniae was identified with a serum complement fixation test. Chlamydophila pneumoniae (C. pneumoniae) was identified with a serum ELISA that detected antibodies (IgM, IgA, or IgG) against C. pneumonia, while K. pneumoniae and Pseudomonas aeruginosa (P. aeruginosa) were identified by culture of sputum and blood specimens. Antimicrobial susceptibility testing was performed using Kirby-Bauer disk diffusion method and Etest method according to the criteria of the National Committee on Clinical Laboratory Standards (NCCLS; 2004).
Species identification was categorized as definite, presumptive, mixed infection, or unknown [15] . A definite diagnosis was made if i) a single species (bacterial or mycoplasmal) was isolated from blood cultures or pleural fluid cultures; ii) the urine antigen tests were positive for S. pneumoniae; iii) there was a four-fold elevation in serum antibody titers for M. pneumoniae ( 1:160) or C. pneumoniae (IgM, IgA, or IgG); iv) there was an increase in C. pneumoniae (IgM  1:32 titer). However, it is important to note that the lack of specificity makes it a challenge to use this method as a confirmatory test for C. pneumoniae; or v) the urine antigen tests were positive for L. pneumophila. A presumptive diagnosis was made if the following criteria were met: i) a single predominant strain of bacteria was detected in sputum culture that agreed with the results of Gram staining of the sputum smear; ii) an antibody titer against M. pneumoniae ( 1:160) was detected in serum specimens obtained during the acute or recovery stages [7] ; or iii) a positive titer of C. pneumoniae IgA or IgG (  1:512) was present [7] . A mixed infection diagnosis was made according to the above diagnostic criteria when more than one pathogen was present. A diagnosis of unknown etiology was made when no pathogen could be isolated.
The empiric antibiotics prescribed during the first 24 hours of hospitalization were defined to be the initial empiric antibiotics. All initial empiric antimicrobial therapies, whether or not they adhered to the IDSA/ATS guidelines, were recorded. Although all patients were treated before the release of these guidelines, for the purpose of this retrospective analysis, records were stratified according to whether they would have adhered to these guidelines.
Statistical analysis
Statistical analyses were performed with SPSS 15.0 (IBM, SPSS Inc., Chicago, IL, USA). Data was expressed as medians with first and third quartiles for continuous variables, and n with percentage for categorical variables. For comparisons, the MannWhitney U test was performed for continuous variables that did have not parametric distributions, and a Pearson's chi-square or Fisher's exact test was performed for categorical variables. The kappa agreement test was used to check for concordance between CURB-65 and APACHE II scores and PSI scores. The binary logistic regression was applied to indicate the mortality of patients regarding to the prognostic factors. The level of significance was set at α = 0.05.
Results
Demography, clinical characteristics, diagnoses, treatments, and outcomes
A total of 208 patients were included in the final analysis. Table 1 shows the demographic and clinical characteristics of the 120 patients (57.7%) in the lowrisk group and the 88 patients (42.3%) in the high-risk group. The median age was 63 years (range 43 to77 years) and 55.8% of these patients were male. Age and proportion of males were significantly greater in the high-risk group and all measured clinical characteristics were significantly different for the two groups except for proportion of liver disease and platelet count.
The most common comorbidities were cerebrovascular diseases (29.3%), congestive heart failure (15.9%), neoplastic diseases (10.1%), and liver diseases (9.6%). The potential risk factors related to CAP were smoking (30.3%), drinking (19.7%) and systemic use of steroids before hospitalization (9.6%). The median PSI score was 81 (range 46-115) and significantly higher in the high-risk group compared to the low-risk group (121[103. vs.51 [46-115]; P < .001). The median APACHE II score was 8 (range 5-13) and it was significantly higher in the high-risk group compared to the low-risk group (5 [3] [4] [5] [6] [7] [8] vs.13 [10] [11] [12] [13] [14] [15] [16] [17] [18] ; P < .001). The CURB-65 was significantly higher in the high-risk group compared to the low-risk group (0[0-1] vs.2 [1-2]; P < .001). The median hospitalization stay was 6 days (range 4 to 11 days), and patients in the high-risk group had significantly longer hospital stays compared to those in the low-risk group (11 days [5.5-18] vs.5 days [4] [5] [6] [7] ; P < .001). Table 2 summarizes the diagnoses, treatments, and outcomes for all patients. A definitive diagnosis was made for 99 patients (47.6%), a presumptive diagnosis for 24 patients (11.5%), an unknown etiology for 52 patients (25.0%), and mixed infection (definite with mixed or presumptive with mixed) for 33 patients (15.8%). Twenty-seven patients (13%) had positive blood cultures and a significantly greater number of pathogens were isolated from blood specimens of the high-risk group (20.5% vs. 7.5%; P = 0.018). pneumoniae, while 30 of 156 patients (11.9%) were positive for C. pneumoniae. Eight patients were positive for S. pneumoniae antigen and urine specimens from two patients were positive for L. pneumophila antigen. Initial empiric antibiotic treatment was analyzed based on the 2007 IDSA/ATS guidelines, or non-IIDSA/ATS guidelines. One hundred and forty eight patients (71.2%) were treated in accordance with the 2007 IIDSA/ATS guidelines; 75.0% were in the lowrisk group and 58 patients (65.9%) were in the highrisk group (P = 0.153). There was no significant difference between the two groups. The use of fluoroquinolones as initial empiric antibiotic treatment was significantly greater in the low-risk group compared to the high-risk group (46.7% vs. 31.8%; P = 0.031).
Microbiologic findings relative to mortality
A total of 251 species of bacteria were isolated from the 208 patients (data not shown). Table 3 lists distributions of the most frequently isolated species and all additional species listed in the Table notes. There were significant differences between the two groups in the rates of infection by the five most frequently isolated species (Table 3) . For instance, in the low-risk group, the most frequently isolates were C. pneumoniae (P = 0.014) and M. pneumoniae (P = 0.013), whereas in the high-risk group, there were more isolates of K. pneumoniae (P = 0.001) and P. aeruginosa (P = 0.017). In contrast, there was no significant difference between the two groups with respect to isolate rates of S. pneumoniae or other less frequently isolated species.
Twenty-nine out of 208 (13.9%) patients died. A total of 28 patients were in the high-risk group; the mortality was significantly greater in the high-risk group (31.8% vs. 0.8%; P < .001) and only one patient was in the low-risk group (Tables 2 and 4 ). The highest rates of mortality were in patients infected with K. pneumoniae, P. aeruginosa, and S. pneumoniae, and these were also the pathogens most frequently isolated from patients who died. The only patient who died in the low-risk group was infected with K. pneumoniae and S. pneumoniae (Table 4) .
Analysis of predictive factors relative to mortality
Significant variables obtained from univariate analysis shown in Tables 1, 2 156 patients) .The positive S. pneumoniae antigens in urine was eight patients(3.84%) and urine L. pneumophila antigen was positive only two patients. 2 Patients were treated initially with fluoroquinolones (levofloxacin and moxifloxacin). and serum BUN in all patients (Table 5 ). Our data shows that the risk of mortality was 59.2 times higher with PSI values > 90 compared to PSI values ≦ 90 (95% CI, [7.00-501 .83]; P < .001). Based on the low mortality in the PSI ≦ 90 group (only one patient died in this group), the odds ratio may only be considered as a reference value for further study.
Discussion
In this study, approximately 60% of the patients were male with a median age of 63 years. All of them had at least one underlying condition including cerebrovascular diseases, congestive heart failure, neoplastic diseases, liver diseases, smoking, drinking and systemic use of steroids before hospitalization. Hence host factors are believed to be important for K. pneumoniae or P. aeruginosa CAP in the patients. Nonetheless, our analysis showed that M. pneumoniae was the most common species when a definite or presumptive identification was possible. Comparison of the rates of infection of our patients based on PSI score indicated that patients in the high-risk group had significantly higher incidence of infection with K. pneumoniae or P. aeruginosa compared to patients in the low-risk group. In contrast, patients in the low-risk group were more likely to be infected with C. pneumoniae or M. pneumoniae than those in the highrisk group. The mortality rate was higher for patients with high PSI scores, as expected. However, because only one patient within the low-risk group died, these data should be interpreted with caution. The most common pathogens in patients who died were K. pneumoniae, P. aeruginosa, and S. pneumoniae. The results of our study are similar to those of previous reports in Taiwan and different from those reported previously in Western countries. For example, Lauderdale et al. [8] examined data for patients with CAP from 13 hospitals in Taiwan and reported that the most common etiologic agents were S. pneumoniae (23.8%), M. pneumoniae (14.3%), C. pneumoniae (7.1%), and K. pneumoniae (4.8%). Similar results were reported from a study of hospitalized patients in Thailand, in which S. pneumoniae (22.4%) and C. pneumoniae (16.3%) were the most common species [7] . In the present study, M. pneumoniae was the most commonly isolated pathogen (13.1% of all patients) and K. pneumoniae was the most commonly isolated pathogen from patients with high PSI scores (14.7%). The high incidence of K. pneumoniae that we observed in severely ill patients was consistent with that of a previous study [16] . K. pneumoniae was the most common species isolated from patients with Table 4 . The association between mortality and specific microorganisms in patients with communityacquired pneumonia stratified by risk group n: the number of patients. Data are expressed as number of infections caused by the pathogen (%). PSI = Pneumonia Severity Index; low risk (PSI ≤ 90) and high risk (PSI > 90). Table 5 . Odds ratio and 95% confidence intervals in multivariate logistic regression analysis to evaluate the association between mortality and related factors in patients with community-acquired pneumonia OR (95% CI.) with P-value was the estimated odds ratio (OR) with 95% confidence interval of OR from multivariate logistic regression analysis. * P < 0.05. P-value was the significance of the estimated OR.
severe CAP who required mechanical ventilation at an intensive care unit in Taiwan. Ko et al. (2002) also reported geographic differences in the pattern of community-acquired bacteremia caused by K. pneumoniae, and that K. pneumoniae-mediated CAP was especially common in Taiwan and South Africa [9] . These results highlight the importance of identifying the prevalence of different pathogen species. One of our most important findings was that the IIDSA/ATS international guidelines for treatment of CAP must be used with caution for treatment of severe CAP in Taiwan. These guidelines were developed only based on studies of CAP in patients who were not in the ICU and who were not infected with other common pathogens, such as S. pneumoniae, M. pneumoniae, C. pneumoniae, Haemophilus influenzae and Legionella spp. [5] . In the low-risk group, empiric treatment for this category of patients is with a respiratory fluoroquinolone or a beta-lactam plus a macrolide. In our study, the result was concordant with IDSA/ATS guidelines. However, in the high-risk (PSI > 90) group, our results revealed that patients with CAP were treated inconsistently with IDSA/ATS guidelines and had a higher risk of in-patient mortality and had significantly longer length of hospital stay. Our data revealed that adherence to treatment guidelines results in better outcomes, especially in the low-risk group. In addition, Legionella spp., which is commonly associated with CAP in western countries [18] , was only a minor etiology in our study. Hence the study shows that use of the IIDSA/ATS guidelines for treatment of CAP in Taiwan had a better outcome in the low-PSI group. The association of empiric treatment with outcome in the high-PSI group should be confirmed in future studies.
Although a positive correlation between PSI score and mortality was observed, the utility of such scoring systems remains a matter of debate. Recent reviews have compared the accuracy of the PSI score, CURB-65 score, CRB-65score, and other indices of disease severity [10, 11] . The general consensus shows that such systems were useful tools for clinical decisionmaking. The results of the present study extend these previous findings by demonstrating a significant effect of an etiologic agent on the PSI score. If these results are applied in other geographic regions in which the prevalence of causative organisms differs, the PSI might provide additional useful information for the management of CAP.
There are some potential limitations of the present study. We enrolled only hospitalized patients at a single hospital. Hospitalized patients generally have higher PSI scores, so this may have led to selection bias. A second limitation is that among our hospitalized patients, we did not have species identification in 52 patients (25%), and identification of the etiologic agents in 33 patients (15.8%) was based on inference. In our study, our hospital used urine L. pneumophila antigen as a diagnostic tool; however, this underestimates the L. pneumophila because it only detects L. pneumophila serum type1. One major confounding factor of this study is the lack of specificity of the serum ELISA to detect antibodies (IgM, IgA, or IgG) against C. pneumoniae; it is, therefore, a challenge to use this method as a confirmatory test for C. pneumoniae.
Finally, we used the PSI, CURB65, and APACHE II scores as severity assessment tools and predicted patients with an increased risk of death among CAP cases in the univariate analysis. This method could not be very accurate because of the retrospective design of our study.
In conclusion, M. pneumoniae was the most common organism isolated from our patients with CAP. However, patients with more severe illness (PSI > 90) had significantly higher incidence of infection with K. pneumoniae and P. aeruginosa. The relationship between infection with K. pneumoniae and severe CAP is especially important in Taiwan and other parts of Asia, where it continues to be a significant cause of CAP. Our results provide valuable epidemiologic information on CAP in central Taiwan and may offer the epidemiologic information for revising guidelines for treatment of CAP in Taiwan and Asia in the future [20, 21] . Finally, the study shows that use of the IIDSA/ATS guidelines for empiric treatment of CAP in Taiwan has a better outcome in a low-PSI group.
